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We, E. I. Du Pont de Nemours and 
Company, a corporation organised and ex- 
isting under the laws of the State of Del- 
aware, United States of America, of Wil- 
mington, State of Delaware, United States 
of America, do hereby declare the inven- 
tion, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement: — 
This invention relates to new processes 
for making solid solutions which comprise 
both quinacridones and quinacridonequin- 
ones as essential components. 

According to the invention the process 
for producing solid solutions of a quin- 
acridone and the quinacridonequinone cor- 
responding thereto, comprises heating at an 
condition, there being present in the dis- 
persion cf the quinacridone in comminuted 
condition, three being present in the dis- 
persion the amount of a chromate oxidizing 
agent stoichiometrically sufficient to oxidize 
a desired portion of the quinacridone to the 
corresponding quinacridonequinone. 

A method of making solid solutions of 
quinacridone and quinacridonequinones is 
disclosed in U.S. Patent 3,160,510 wherein 
a mixture of the components is treated in 
the presence of an organic solvent. It has 
now been found that solid solutions can tie 
obtained without recourse to treatment with 
organic solvents when the quinacridone- 
quinone component is formed directly from 
the quinacridone component, which has pre- 
viously been reduced in particle size. 

In carrying out this invention the particle 
size of a quinacridone component, which, 
if desired, can be a mixture of two or more 
quinacridone compounds, is reduced by 
either of two well-known comminuting 
techniques, salt-milling or acid-pasting. It 
is then dispersed in a strongly acid, aqueous 
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solution, such as is commonly used for the 
extraction of a salt-milling powder or is the 
end result of drowning the acid-pasting mix- 
ture. This strongly acid slurry is then 
heated with the amount of a chromate oxi- 
dizing agent stoichiometrically required to 
convert a desired proportion of quin- 
acridone to quinacridonequinone, the heat- 
ing being continued for a substantial period 
at an elevated temperature, preferably near 
the boiling point. When the pigment is 
isolated from this mixture, it is found to 
consist of a solid solution of the quin- 
acridone component and the quinacridone- 
quinone component in the expected propor- 
tions, and this solid solution is found to be 
present in a highly desirable crystal form 
which often exhibits superior tinctorial 
properties and superior lightfastness com- 
pared to prior art solid solution pigments 
of similar composition. 

The examples shown hereinbelow em- 
phasize solid solutions containing unsub- 
stituted quinacridone and unsubstituteel 
quinacridonequinone; however, Example 3 
shows a mixture of quinacridone with the 
substituted 4,11-dichloroquinacridone and 
the corresponding quinacridonequinone re- 
sulting from oxidation of this mixture, and 
it will be understood that the process is 
applicable to the preparation of substituted 
products. The quinacridonequinone com- 
ponent will contain the same substituents as 
the quinacridone since it is made by direct 
oxidation of the latter; however, the process 
is adaptable to solid solutions containing a 
variety of substituted quinacridone de- 
rivatives and the corresponding quin- 
acridonequinones as well as mixtures of 
these as shown in the examples. Thus, one 
can make a solid solution of 2,9-dichloro- 
quinacridone and 2.9-dichloroquinacridone- 
quinone by this method; likewise, solid 
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solutions containing 2,9-dimethylquin- 
acridone and its corresponding quin- 
acridonequinone or of 2,9-dimethoxyquin- 
acridone and its corresponding quin- 

5 acridonequinone are equally adaptable to 
manufacture by this process. Since many 
other quinacridones are known and are 
capable of forming corresponding qum- 
acridonequinones bv oxidation, those skilled 

10 in the art will be able to make various com- 
binations by the generic processes of this 
invention. 

process of the invention makes it possible 
to nrepare solid solutions over a wide range 

1> of amounts of auinacridonequinone com- 
ponents in the mixture. The specific ex- 
amples disclose variation from more than 
75% quinacridonequinone down to as little 
as 40% quinacridonequinone. These are 

20 not critical limits, and the possible varia- 
tion extends still farther than indicated. A 
completely unexpected feature is found in 
that even with as much as 75 to 85% quin- 
acridonequinone, the products often exhibit 

25 excellent lightfastness, notably superior to 
prior art solid solutions of similar composi- 
tion. 

The amount of quinacridonequinone 
component in the mixture is easily con- 
30 trolled by adjustment of the amount of 
oxidizing agent used. Since the oxidation 
of quinacridone to the corresponding 
quinone proceeds in accordance with the 
equatioi 
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—it is possible to calculate the amount of 
oxidant needed to produce the desired pro 
portion of the quinacridonequinone. 

40 The chromate ion used as the oxidizing 
a^ent may be readily obtained either from 
chromatic acid (Cr0 3 ) dissolved in water or 
from sodium chromate or sodium di- 
chromate used in strongly acid solution. All 

45 of these raw materials are commercially 
available and readily obtainable in both 
crystalline and solution forms. The only 
requirements are that the purity be known 
and that the amount used be based upon 

50 this calculated need. The chromate-contain- 
in» compound used may be added either as 
a crystalline material, in which case it im- 
mediately goes into solution, or, preferably 
added as a solution in water. 

55 The particle size reduction prior to 
the oxidation step is an essential part of 
the preparation of the solid solutions 
according to processes of this invention, and 
the method by which the particle size re- 

60 duction is accomplished appears to have a 
considerable degree of criticahty. Both salt- 
milling and acid-pasting are useful pro- 
cedures in that they result in extremely small 



particles which are reaany susct^u, <-■--- 
to the necessary oxidation step and to the 65 
subsequent recrystallization which is essen- 
tial to the formation of the solid solutions. 

The salt-milling process shown in the ex- 
amples is one involving mining in the pre- 
sence of hydrated aluminum sulfate and at /u 
a small amount of an organic solvent such 
as tetrachloroethylene, but the choice of 
this procedure is not critical and simple salt- 
raiiUng in the presence of sodium chloride is 
*ke useful. Likewise, milling in me pre- ,~ 
5 -nc- nf a mixture of sale and anhydrous 
aluminum chloride cr of ammonium sulfate 
and anhvdrcus aluminum chloride is equally 
useful. 'The length of time required for an 
effective milling operation wiU vary 80 
materially with the size of the mill, but a 
useful average for a mill of, say 50— «J 
oallons capacity, is in the range of about 11 
hours. In small laboratory mills, it may 
take considerably longer and in much larger ^ 
plant mills times in the order of about b 
hours are useful. The optimum required 
time is readily determined by simple in- 
vestigation. It is common in all salt-milling 
operations to extract the mill powder in an 90 
acid medium to remove any residual metal 
particles picked up from the mill and the 
Grinding elements, and it is often con- 
venient to add the oxidizing agent to this _ 
standard acidic extraction medium. 

It is also shown in some of the examples 
that particle size reduction may take place 
via the so-called "acid-pasting" procedure, 
which involves the solution of the quin- 
acridone in strong sulfuric acid-usually 100 
96%— 98% H 2 S0 4 — followed by drowning 
of this solution in water. It is particularly 
advantageous to efiect this drowning in 
such a manner as to give extremely rapia. 
dilution of the acid. A convenient method 105 
of doing this is to pump the acid solution 
into the throat of an orifice through which 
the water is passing under high turbulence. 
By proper adjustment of the relative 
amounts of acid solution and water, a very 110 
rapid dilution takes place, and it is possible 
to control the heat rise and the acid con- 
centration of the resulting slurry. It is con- 
venient, although not essential, to control 
the rate of dilution and amounts of in- 115 
gradients so that the heat rise is in the order 
of 30°C and the resulting acid slurry is in 
the order of 10—16% sulfuric acid. The 
quinacridone in such a mixture is readily 
oxidized on addition of the desired oxi- 120 
dizing agent, followed by heatmg. 

Salt-milling with anhydrous aluminum 
chloride produces a quinacridone-alummum 
chloride complex which is decomposed by 
reaction with water, particularly in an 125 
acidic aqueous system. The pigment is re- 
generated in small particle size suitable for 
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Ine oxiaaaon s«,ep, fcuiu *~j*^-*>~l - 
tion of the solid solution 

The formation of a solid solution of two 
or more components according to the pre- 
5 sent invention involves a simultaneous cry- 
stallization of the components into a com- 
mon crystal lattice. This crystallization 
takes place in aqueous, acidic medium 
under the influence of the digestion at ele- 
10 vated temperatures. 

The digestion at elevated temperatures 
takes place over a fairly wide range of. rem- 
peraiures and over a wide range of concen- 
tration of solid in the liquid medium. The 
15 concentration of this solid in the slurry is 
not critical. It should be adjusted to a 
point which gives a fluid, easily stirrable 
slurry, but the content of solid should not 
be excessively low because of the difficulty 
20 of removing relatively large amounts of the 
liquid. Also, of course, the handling of 
large amounts of slurry becomes un- 
economical. The temperature of digestion 
has been shown in the examples as near the 
25 boiling point of the slurry, and this is pre- 
ferred for most uses. However, tempera- 
tures of 50°C or lower can be used, but 
with a considerable increase in the neces- 
sary time. 

30 The time required to complete the cry- 
stallization appears to be relatively short, 
and digestion times in the order of 1 hour 
as shown in the examples are entirely satis- 
factory. Shorter times frequently are sue- 
35 cessful, and longer times may be used 
although they are not generally necessary 
nor do they ofier any great advantages. ^ 
Processes of this invention have the aa- 
vantage of eliminating any need for separate 
40 preparation of the quinacridonequinone 
components of the solid solutions produced. 
It has been known in the prior art to pre- 
pare a mixture of about 60% qumaendone 
and 40% quinacndonequinone by an oxida- 
45 tion procedure, but additional steps are 
necessary to obtain the desired solid solu- 
tion Other proportions of the two com- 
ponents have not been obtainable in this 
manner. Now, with this invention, it is 
50 possible to obtain any desired proportion of 
quinacridone and quinacndonequinone in a 
simple, straightforward step. Moreover, this 
step enables the preparation of solid solu- 
tions over a verv wide range of composition. 
55 Finally products prepared according to this 
invention often exhibit distinctly improved 
lightfastness over the products obtained by 
prior art processes for the preparation of 
solid solutions of similar proportions. It is 
60 believed that this improvement in light- 
fastness is the result of a marked improve- 
ment in the crystallinity of the product 
which seems to come about during the hot 
digestion of the pigment slurry. 
65 The following examples illustrate this in- 



designated, all references to parts are to 
parts by weight. 

Example 1 

A ball mill with an internal diameter ot 70 
about 24" and a total capacity of about 60 
eallons is charged with 1000 lbs. of "Cyl- 
Pebs" (cylindrical bars of iron approxi- 
mately 1/2" in diameter and 1" long), 8 lbs. 
of a 'crude quinacridone pigment 1:1 the 3* 
cramma phase. 50 lbs. of. a commercial 
aluminum sulfate (AyScv v i>- IsHAu 
and 1.1 lbs. of tetrachloroetnylene The 
mill is rotated at about 40 rpm for about 16 
hours with temuerature of the charge not 80 
exceeding about 60— 70° C. This mill is 
discharged through a suitable screen to re- 
tain the grinding elements in the null. 

Of the mill powder so obtained 336 parts 
(45 5 parts of quinacridone pigment) (0.147 to 
mols) is added to 1100 parts of water con- 
taining 77 parts of 98% H 2 SO, and stirred 
until thoroughly wet. To this mixture 33 6 
parts (0.113 mols) of sodium didhromate (48 
parts of 69.9% solution of Na-Q 2 0 T 5H 2 0) 90 
is added and the mixture heated to the boil, 
boiled 1 hour, filtered, washed and dried 
The resulting product is an attractive gold 
pisment which exhibits the x-ray diffraction 
pattern of quinacndonequinone. Analysis ^ 
shows it to contain about 23% quinacridone 
and 77% quinacndonequinone, this being 
also the theoretical degree of oxidation 
based on the chromate used. Since it has 
the characteristic x-ray pattern of only one 1UU 
component, it is a solid solution of quin- 
acridone in quinacndonequinone. When the 
"old pigment is dispersed in a coating com- 
position and panels made therefrom are 
exposed to sunlight and the elements, the 105 
product exhibits an attractive gold color of 
excellent lightfastness in contrast to the very 
poor lightfastness of quinacridonequinone it- 
self. 

Example 2 . 110 

The ball mill described in Example 1 is 
charged as set forth therein, and the charge 
is milled for 24 hours and discharged 
through a suitable screen. Of the mill pow- 
der so obtained 168 parts (22.7 parts of 115 
quinacridone) is added to 1000 parts of 
water containing 37 parts of 98% H^U, 
and stirred until wet, after which 6 parts ot 
chromic oxide (Cr0 3 ) is added and stirred to 
solution. The charge is heated to the boil L2U 
boiled 2 hours, filtered, washed and dried 
to rive a pigment which is shown by 
analysis to contain about 59% quinacridone 
and 41% quinacridonequinone. It exhibits 
and x-ray diffraction pattern chamctensU, 125 
of quinacridonequinone with a slight shitt in 
the positions of the peaks, and this x-ray 
pattern indicates the product to be a solid 
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solution. When dispersed into a coating 
composition it produces an a tractive 
maroon enamel of excellent durabdity and 
lightfastness. 

Example 3 
The ball mill of Example 1 is charged as 
therein described except that the pigmeni 
used is a mixture of 4.8 lbs. crude gamma 
cuinacridone and 3.2 lbs. crude 4,11-di- 
-Yao-oqninacnQone The. charge is nullea tor 
P hcu- and discharged Larouga a suitable 
screen" '* Of the vaSC powder so ootameo, 
2)20 parts (180 pans qumacndone and 
parts 4,il-dichloroqumacridone) is stirreu 
into 7250 parts of water containing MO 
oarts 98% HLS0 4 until thoroughly wet, after 
which 59.5 paAs of 69.9% solution of 
N» Cr O -2H,0 is added. The mixture is 
toted to the boil, boiled 2 hours, filtered, 
washed and dried to give 300 parts of an 
orange powder which contains about 15.6 *> 
of the oxidized species (a mixture of quin- 
acr donequinone and 4,ll;d cWoroquinacn- 
donequinone) but still exhibits. substantially 
the x-ray pattern of the P^viously-toown 
solid solution of 60% quinacndone and 40 A 
4,11-dichloroquinacridone. The product u an 
attractive orange pigment of excellent light- 
fastness and durability. 

Example 4 
In 1000 parts of 96% H-.SO 100 parts of 
crude gamma quinacridone is dissolved by 
Sg at 8°C (±2°). When the .solid 
is completely dissolved, the solution is intro- 
duced continuously through a sma 1 orifice 
into the center of a stream of cold water 
flowing under pressure through a constricted 
Tube it a state^ of turbulent flow, the ratio 
of water to acid being about 10 to 1 and 
the temperature rise being on the order ot 
15°C The resulting strongly acid slurry is 
treated by adding a solution of 59.3 parts 
-rf Na Cr O -2ELO in 200 parts of water, 
fus he£ed to the boU, boiled 1 hour filtered 
washed free of soluble salts and dried to 
Se 107 parts of a brilliant gold pigment 
comprising about 27.2% quinacndone and 
72 8% quinacridonequmone associated in a 
Sid solution exhibiting the x-ray diffraction 
pSrirn of quinacridonequinone with a slight 
shift in the positions, of the lines It ex- 
hibits a color quite similar to that of the 
product of Example 1 and is equally light- 
fast. 
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Example 5 
In 1000 parts of 96% H s SO, 100 parts 
of crude gamma quinacridone is dissolved 
£d the solution is drowned into cold water 
under conditions of high turbulence as des- 
cribed in Example 4. Then 44.6 parts of 



69.2% somtion or isa 2 ok 2 ~, ? " <- 
to the strongly acid slurry which thereupon 
is heated to the bod and boiled 1 hour, it is 
filtered washed free of soluble salts and 
dried 'to give 103.5 parts of a dark red 
powder consisting of about 60.7% quin- 
acridone and about 39.3% quinacridone- 
quinone which, as indicated by the x-ray 
diffraction pattern, are present principally 
as a solid solution of quinacndone in quin- 
acridonequinone bin with some excess quin- 
acridone present. When dispersed in a coat- 
in'" composition, it produces an attractive 
maroon enamel of excellent durably and 
lightfastness, substantially like the product 
of Example 2. 

WHAT WE CLAIM IS:— 

1 A process for producing a solid solu- 
tion of a quinacridone and the quinacridone- 
quinone corresponding thereto, which coni- 
pSs heating at an elevated temperature, 
an aqueous acidic dispersion of the quin- 
acridone in comminuted condition, there 
S present in the dispersion the amount 
of a chromate oxidizing agent stoichiometnc- 
ally sufficient to oxidize a desired propor- 
tion of the quinacridone to the correspona- 

^Tfo^f^ to. claim 1, 
wherein the cornminuted condition of the 
quinacridone is achieved by salt-milling. 

3 A process according to claim 1, 
wherein the comminuted condition of tne 
quinacridone is achieved by acid-pasting. 

4 A process according to any of claims 
1 to 3 wherein the quinacridone starting 
material is unsubstituted and ^.Proportion 
of oxidizin? agent used is stoicmometncally 
sufficient to give a product -can*™ by 
weight, about 60% quinacndone and 40 /o 1UU 

q f ^Sraccording to.a.y of claims 
1 to 3 wherein the quinacndone starting 
material is unsubstituted and the propor- 
S of oxidizing agent, used is stoichio- 
metrically sufficient to give a product con- 
taining, by weight, about 25% qumacndone 
and 75% quinacridonequinone. 

6 A process according to any of claims 
1 to 5, wherein heating is effected at a tern- 110 
perature near the boiling point of the dis- 

pe 7 Si ° A process according to any of claims 
1 to 6, wherein the oxidizing agent is sodium 

diC 8 hr Tp e roces S according to any of claims 
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1 to 6, " wherein the oxidizing agent 
chromic acid.^ ^ producing a s ohd solu- 
tion of a quinacridone and the quinacridone- 
qSSione corresponding thereto substantially 
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" 10 A solid solution of a quinacridone Lnarterea raient £gen L *, 

and the quinacridonequinone corresponding Northumber lan d House, 

thereto when prepared by the process 303/306 High Holborn, 

5 claimed in any of the preceding claims. London, W.C.1. 
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